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5© Furnace for heating highly pure quartz preform for optical fiber. 

S© The furnace comprises a cylindrical furnace body (5), a heater (4) installed in said furnace body (5) and a 
° muffle tube (3) installed inside said heater (4) to separate a heating atmosphere from sa.d heater (4). The muffle 
©tube (3 34 35 36) is made of highly pure carbon and coated with a gas impermeable carbon. In particular the 
ghighly pure carbon muffle tube may be coated on the outside with a gas impermeable pyrolytic or vitreous 
_ carbon layer. 

°The furnace prevents contamination of the preform with impunties and has a long life. 
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FURNACE FOR HEATING HIGHLY PURE QUARTZ PREFORM FOR OPTICAL FIBER 

BACKGROUND OF THE INVENTION 
Field of the Invention 

_ The oresent invention relates to a furnace for heating a quartz preform for the fabrication of an optical 
flhJ^^iTESy to a furnace for heating a porous glass preform comprising quartz glass soot for 
STil^SSS. addition of dopants and sintering to produce a highly pure quartz g.ass preform 

toT ^l™l?c:^Lr« invention can prevent contamination of the preform with impurities 
and has good durability. 
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Description of the Related Art 

To oroduce a qiass preform for an optical fiber by the VAD method or the OVD method, it is ^necessary 

J^ F^r dehydration, sintering end eddition oi fluorine, e heating furnace equipped w* . muffle tube ,e 

jar - ~ — lt * ™ h,s 

unsatisfactory heat resistance. material of the muffle tube used in the 

. hearing r,"^««" ^ ~ °" °~" * "» 
EP-A1-0 302 121). heatina furnace of this type comprises 

34, a middle part 35 and a lower pa* i» muff|e tube by means of a 

When the furnace is used, a porous soot preromi ■ ■» 
supporting rod 2 and heated. w _ RR/nR145 „ s Ratent Application Ser. No. 07/274,995 filed on October 

e temperature ollSMC or hgtojl » ch|orine (0|2 , „ a temperature of 900 O 

" b, tre.fm.nt rift the oniodne gee vrhon ere cartoon 

coaling is peeled off or crooked generally tres gas permeability, a part of the 

2. In the second design, ?™%^f oart.Se layer. When the chlorine gaa kept at e 

SSSS 3 IT E- b^r™ro:rfare removed frera dr. silicon oertrido layer ,. leave a 
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carbon layer. Since carbon layer formed through the removal of silicon atoms from the silicon carbide layer 
has a smaller density than a usual carbon layer, gasses can easily pass through the layer at high 
temperatures, whereby the glass preform is contaminated with the impurities present outside the muffle 
tube. 

3. The third design has the same problems as those with the second design. In addition, the silicon 
carbide layer is not a coated material but made of a sintered material, it becomes brittle when it is corroded 
with the chlonne gas and its life is considerably shortened. 

As explained above, with the muffle tube made of the conventional material, the preform should be 
heated at a limited temperature in a limited atmosphere. In addition, the muffle tube has short life. 

SUMMARY OF THE PRESENT INVENTION 

An object of the present invention is to provide a muffle tube to be used in a furnace for heating a glass 
preform for the fabrication of an optical fiber, which muffle tube can be used in a wide temperature range 
and has long life. w 

This and other objects of the present invention is accomplished by a heating furnace for heating a 
porous preform made of fine particles of highly pure quartz glass for an optical fiber, which furnace 
compnses a cylindrical furnace body, a heater installed in said furnace body and a muffle tube installed 
ins.de sa.d heater to separate a heating atmosphere from said heater, wherein said muffle tube is made of 
highly pure carbon and coated with a gas impermeable carbon. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 schematically shows a cross section of one of the conventional heating furnace, 
Figs. 2 to 5 schematically show various embodiments of the heating furnace of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Herein, the "heating" is intended to mean any treatment of the preform at a high temperature for 
example, dehydration of the preform, addition of a dopant to the preform and sintering of the preform 

The "highly pure carbon" means carbon having a total ash content of not larger than 50 pom 
preferably not larger than 20 ppm. ' 

In the heating furnace of the present invention, the gas impermeable carbon coating is provided on both 
the outer and inner surfaces of the muffle tube, although said coating may be provided on one of the outer 
and inner surfaces. 

The gas impermeable carbon coating has a gas permeability of not more than 1 x 10" 4 cm 2 /sec (for 
nitrogen gas). The thickness of the carbon coating is not critical. To surely achieve the gas impermeability 
40 the thickness is preferably not smaller than 1 urn. 

The gas impermeable carbon coating can be formed from pyrolitic carbon or vitreous carbon. These 
carbon can form the highly pure coating. 

The gas impermeable carbon coating may be formed on the surface of the muffle tube by any of 
conventional methods. For example, the pyrolytic carbon can be formed by heating a hydrocarbon such as 
45 methane and acetylene at a temperature of, for example, 1000° C. 

In the muffle tube to be used according to the present invention, since the muffle body and the coated 
layer are both made of carbon, their thermal expansion characteristics can be made close so that the 
coated carbon is hardly or not peeled off or cracked. In addition, the muffle body and the coated carbon are 
not corroded with the chlorine gas even at high temperatures, or not deformed at a high temperature of 
50 1 500 C or higher. 

One of the common problems of the carbon made muffle tube is wearing due to oxidation of the carbon 
at a temperature of 400 C or higher. The muffle tube of the present invention may suffer from such 
weanng. However, this problem can be solved by various measures as explained in below described 
Examples. Since the muffle tube of the present invention is highly resistant to oxidation, it has little 
55 limitation on the operation conditions and long life. 

The present invention will be illustrated by making reference to the accompanying drawings. 

Fig. 2 schematically shows a cross section of a first embodiment of the heating furnace according to 
the present invention. The heating furnace of Fig. 2 comprises a cylindrical furnace body 5 and a muffle 
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an inlet 7 for an atmospheric gas (e.g. Cl 2 . S.F*. He d supporting rod 2 is 

With the heating furnace of the present invention, a porous preform l anacnea u» ^ 

inserted in the muffle tube and heated. 35 and a 

Preferabiy. the muffle tube ^^^Ts^TlZ the ISS tube is separated into three 

leaving the upper and the lower parts ""^hanged. and 36 ^ ma(Je 

Differences of this heating urnacefrom that * «= 9j^ ^bon coatings and that the furnace body is 
of highly pure carbon and coated with the gas impe ^ e « ody can cover the part of outer 

.onger than that of the ^^^^£^1^ 400 ' C or higher during heating operation, 
wall of the muffle tube which is h9 *^fJ^™^™™* 6 embodiment of the heating furnace according to 
Fig. 3 schematically shows a cross sec ton o a secon ^ jmbodjm em im a ermeable coatin g and 

the present invention. In this embodiment. ^^J^^T^^^^^ the inner tube 8 is 
has an inner tube 8 made of highly pure carbon ins.de the "J*^^JJJ^^ tube. Preferably, 
inserted in the muff.e tube 3 without leaving a £ ^ ^^ameter of the muffle tube, 

the inner tube has an outer dM m. ' ( ^SLTSS dELll»r difference is sufficient to prevent 
TZ^7^^X "el', . may be coated with the gas im P ermeab,e 

4 schematically S 

ro^oT^ 

; r^i^nr^ sr sr ~ w , s . *- SP ace ^ 

C °The ni ST «'i*~P« — and may be coated with the gas 

the present invention. This furnace .s a modifies t<on 0 ** a J B U ^ ° f / Jis h Ling furnace comprises the 

- - * ,he *° m 

chamber and a partition 16. r0 cictant material which liberates no impurities, such as 

* . temperature o, 900- c or hjgta. ^J? t ^£^£ET££~>*>*' 

To prevent the weanng of the ™«'* tu ° e ™W 0 wer During insertion and removal of the 

the muffle tube at a muffle tube '^unt of oxygen or water since the highly 

preform, the conventions, muffle »***°f. [^T^LTZe P \Bce toe interior atmosphere of the 
pure carbon muffle tube is porous. Then, rt takes a long nme « m jble t0 completely 

„ interfo, anroaptarc can ta »n,p,nteV •^^ i "^S^ nkm , s , no e m. coating is unlWy 
55 Wnen the MOM TtTSgh., P« "Sm mSrfie U» having no ooplng gene.a,e 

pitant in,en°on provides an optaal Ota. having a M "eaK parts. 
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When the gas impermeable coatings are formed on both surfaces of the muffle tube, the outer coating 
keeps gas impermeability after the inner coating is worn out through oxidation. Since oxygen or water 
remaining in the intenor space of the muffle tube reacts with the carbon of the muffle tube body when 
oxygen or water passes therethrough, the outer carbon coating is not or hardly worn. Therefore, the muffle 
tube of the present invention has very long life and stable and can be used under various heatinq 
conditions. 8 

In the heating furnace of Fig. 3, the inner tube 8 protects the carbon coating on the inner surface of the 
muffle tube even when a slight amount of oxygen or water is liberated from the gas absorbed by the porous 
soot preform. That is, since the oxygen or water in the interior space of the muffle tube reacts with carbon 
of the inner tube 8 so that oxygen or water does not reach the inner surface of the muffle tube 

In the heating furnace of Fig. 4, the inert gas is introduced in the space between the outer and inner 
walls and the pressure in the space becomes positive. Since the inner walls 37 and 38 are made of carbon 
and a sintered carbon material produced by an isotropic molding has a gas permeability of about 10"' 
cm /sec, the introduced inert gas passes through the pores of the carbon and flows into the interior space 
of the muffle tube. Since the atmosphere near the inner surface of the muffle tube is always rich in the inert 
gas. the .nner surface of the muffle tube is not or hardly oxidized with the air which flows in during insertion 
and removal of the preform. Thereby, the quartz glass preform which is produced with the heating furnace 
of the present invention provides an optical fiber having a fewer weak parts. 

When the preform is inserted in the heating furnace of Fig. 5. the partition 16 is closed and then the 
preform 1 is temporarily maintained in the front chamber 11. After replacing the atmosphere in the front 
chamber with the inert gas. the partition 16 is opened and the preform is lowered in the muffle tube 3 
whereby the in-flow of the air into the muffle tube is prevented. Therefore, it is not necessary to lower the 
muffle tube temperature to 400 C when the preform is inserted in or removed from the muffle tube. 

The present invention will be illustrated by following Examples. 



Example 1 



With the heating furnace of Fig. 2, a porous soot preform which had been produced by the VAD method 
was dehydrated, added with fluorine and sintered. 

The muffle tube consisted of the body made of highly pure carbon all the surface of which was coated 
by pyrolytic carbon in a thickness of 30 urn. The treating conditions were as follows: 



Treatment 


Atmosphere in 
furnace 


Heater surface 
temperature (° C) 


Traversing rate 
(mm/min.) 


Dehydration and removal of impurities 

F-addition 

Sintering 


He 98 %, Cl 2 2 % 
He 97 %, SIR 3 % 
t 


1100 
1300 
1600 


6 
6 
6 



By using the same muffle tube, 20 transparent glass preforms were produced. 

Each transparent glass preform was bored to form a tubular cladding part. In the bore, a pure Si0 2 
glass core rod was inserted and heated to collapse the cladding part onto the core rod. Around the 
collapsed cladding part, glass soot was deposited and sintered to form an outer layer. Then, the preform 
was drawn to fabricate a single mode optical fiber, which had good transmission loss of less than 0 19 
dB/km at a wavelength of 1.55 urn. 

The transparent glass having no outer layer was drawn to an outer diameter of 125 urn which is the 
same outer diameter of a usual optical fiber and subjected to a tensile test. More than 90 % of the drawn 
fibers had tensile strength at break of more than 5.5 kg. 

After the production of 20 transparent glass preforms, the muffle tube was detached and inspected. A 
part of the carbon coating on the inner surface at a center portion of the muffle tube was worn out and the 
surface of the muffle tube was partly exposed. However, no carbon powder was generated. The carbon 
coating on the outer surface of the muffle tube was intact. 



Example 2 
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In the same manner as in Example 1 except that the heating furnace of Fig. 4 was used, 20 transparent 
glass preform were produced. The outer walls 34 and 35 and the inner walls 37 and 38 were made of highly 
pure carbon, and all the surfaces of the outer walls were coated with pyrolytic carbon in a thickness of 30 
um. Helium gas was introduced through the inlet 9 at a flow rate of 5 liter/min. 

5 As in Example 1, each of the transparent glass preforms was drawn to fabricate an optical fiber, which 
had good transmission loss of less than 0.19 dB/km at a wavelength of 1.55 um. In the tensile test, more 
than 90 % of the fibers had tensile strength at break of more than 5.5 kg. 

After the production of 20 transparent glass preforms, the muffle tube was detached and inspected. 
None of the outer and inner surfaces of the outer walls was worn. The appearance of the highly pure carbon 

w on the inner walls was not changed. No carbon powder was generated. 

Comparative Example 

is The heating furnace of Fig. 1 was used. The muffle tube was made of highly pure carbon and the outer 
surface of the tube was coated with SiC. 

The same experiment as in Example 1 was repeated, and the data for the first ten preforms and those 
for the latter ten preforms were separately analyzed. 

The transmission loss was less than 0.19 dB/km at a wavelength of 1.55 um for all optical fibers 
20 fabricated from the first ten preforms, while it was more than 0.19 dB/km for two of the optical fibers 
fabricated from the latter ten preforms. 

In the tensile test, more than 90 % of the optical fibers fabricated from the first ten preform had tensile 
strength at break of more than 5.5 kg, while 70 % of the optical fibers fabricated from the latter ten preform 
had tensile strength of more than 5.5 kg. 
25 After the production of the preform, the muffle tube was detached and inspected. The SiC coating was 
discolored in the center portion of the outer surface of the muffle tube. The discolored part of the SiC 
coating was analyzed to find that SiC was changed to graphite. The highly pure carbon in the center portion 
of the inner surface was corroded and carbon powder was generated on the surface. 

30 

Example 3 

In the same manner as in Example 1 except that the heating furnace of Fig. 5 was used, 20 transparent 
glass preform were produced. 
35 When the preform was inserted, the front chamber was purged for 20 minutes with nitrogen gas at a 
flow rate of 20 liter/min. while keeping the muffle . tube temperature at 800° C. In Examples 1 and 2, the 
muffle tube was kept at 400 " C when the preform was inserted in the muffle tube. 

The optical fibers fabricated from the produced preforms were examined in the same manner as in 
Example 1. The results were substantially the same as in Example 1. 
40 The center portion of the muffle tube was worn but no carbon body was exposed. 



Claims 

45 1 . A heating furnace for heating a porous preform made of fine particles of highly pure quartz glass for 
an optical fiber, which furnace comprises a cylindrical furnace body, a heater installed in said furnace body 
and a muffle tube installed inside said heater to separate a heating atmosphere from said heater, wherein 
said muffle tube is made of highly pure carbon and coated with a gas impermeable carbon. 

2. The heating furnace according to claim 1 , wherein the gas impermeable carbon is one selected from 
so the group consisting of pyrolytic carbon and vitreous carbon. 

3. The heating furnace according to claim 1, wherein an inner tube made of highly pure carbon is 
installed inside a part of the muffle tube which is heated to at least 400 C. 

4. The heating furnace according to claim 3, wherein the inner tube is inserted in the muffle tube 
without leaving a gap between them. 

55 5. The heating furnace according to claim 1, wherein a part of the muffle tube which is heated to at 
least 400* C has a closed double wall structure, an outer wall of which is made of highly pure carbon 
coated with the gas impermeable carbon and the inner wall of which is made of highly pure carbon. 

6. The heating furnace according to claim 5, wherein the outer wall has an inlet through which an inert 

7 
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gas is supplied in a space of the double wall structure. 

7. The heating furnace according to claim 1 , which further comprises a front chamber in which the 
preform is temporarily stored before and after the preform is heat treated. 
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